Four species of Myrothecium, in descending order of frequency Myrothecium leucotrichum, M . verrucaria, M. cinctum and M . roridum, occurred on leaves of perennial ryegrass, white clover, kikuyu grass and mixed pasture in the North Island of New Zealand. Myrothecium cinctum was particularly common on kikuyu grass, but otherwise plant species did not appear to affect their distribution. Numbers were greatest under warm conditions, in summer and autumn. No isolates were recovered from samples from the South Island. Cultures of most isolates of M. verrucaria, of some of M . roridum, of a few of M . leucotrichum and of none of M . cinctum, produced a cytotoxic reaction in tissue-culture cells of the type which was correlated with mammalian toxicity. Toxic isolates were most frequently recovered from irrigated pasture, but populations in the pastures examined were apparently too small to cause disease in grazing animals.
I N T R O D U C T I O N
Production of mammalian toxins by three species of Myrothecium, Myrothecium roridum Tode ex Fr., M. verrucaria (Alb. & Schw.) Ditm. ex Fr. and M . jollymannii Preston (= M . leucotrichum (Peck) Tulloch), was reported by Brian, Curtis & Hemming (1947), Jeffreys (1948) and Brian (1951) . di Menna (1971) found Myrothecium spp. to be common on leaves of pasture plants in the North Island of New Zealand. Culture filtrates of many of the New Zealand isolates had cytotoxic effects on mammalian cells in tissue culture (Mortimer, Campbell, di Menna & White, 1971) . The effects were of two types, A and B. Large doses of cultures with A-type cytotoxicity had no effect on sheep when given orally, but those with B-type cytotoxicity were toxic to sheep and cattle. Large doses caused death with pathological changes similar to those of poisoning of cattle by kikuyu grass (Pennisetum clandestinum), and smaller doses caused a sub-clinical disease characterized by weight loss or diminished growth rates Martinovich, Mortimer & di Menna, 1972) . The size of the lethal dose for sheep or cattle was proportional to the level of B-type cytotoxicity of the culture.
The present study was made to determine numbers of B-type cytotoxic Myrothecium spp. in different types of pasture, to relate them to the incidence of those diseases of sheep and cattle which they might cause, and to examine the relationship of species to toxin production. 
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Five collections of pasture samples were examined during the years 1970-2 inclusive. (I) Mixed pasture samples from irrigated and unirrigated areas at Hamilton, taken weekly from 27 February to 29 May 1970. The pasture was composed of perennial ryegrass (Lolium perenne), white clover (Trqoliunz repens) and a mixture of pasture weeds. On the irrigated area, to which water was applied when the calculated moisture deficit reached 40 mm, two paddocks were sampled.
( 2 ) Perennial ryegrass and white clover selected from one of the irrigated paddocks sampled in (I) and from an unirrigated paddock, also at Hamilton. Samples were taken weekly from 6 June 1970 to 12 August 1971 (excluding 8 August to 2 October 1970).
(3) Perennial ryegrass and white clover selected from mixed pasture in two adjoining paddocks at Hamilton. Samples were taken weekly from 2 September 1971 to I I May 1972.
(4) Perennial ryegrass and white clover selected from mixed pasture in a paddock at Invermay Agricultural Research Centre, near Dunedin in the South Island of New Zealand. Samples were taken at two-weekly intervals from 2 December 1970 to 6 3une 1971.
(5) Kikuyu grass sampled at irregular intervals in the months February to May inclusive, I 970-2. Twenty-three samples, all from North Auckland, were collected from paddocks in which cattle had very recently died or were dying of kikuyu poisoning. Ten samples were taken from paddocks in which cattle were unaffected, four in North Auckland and six at Hamilton.
The areas sampled in (2) and (3) and the irrigated area sampled in (I) were grazed by cattle which were weighed at weekly or two-weekly intervals.
CoZlection of samples. At each site leaves of plants were cut at approximately I cm above ground level from five or more places several metres apart. Green leaves with little or no senescent material were collected in all but the kikuyu grass samples; the growth habit of kikuyu grass is such that samples often contained much dead material. All samples from Hamilton were cultured within a few hours of collection. A delay of I to 2 days elapsed between collection and culture of samples from Invermay and North Auckland.
Culture of samples. Five grams from each well-mixed sample were shaken with 250 ml of sterile water and tenfold serial dilutions of this wash water were inoculated on plates of potato glucose agar plus aureomycin by the method given by di Menna & Parle (1970) . The only modification made was to inoculate eight, not four, plates per dilution. Thirty to IOO mould colonies per sample were identified, the number depending on the distribution of colonies on the isolation plates. Unpigmented moulds which had not spored after 2 to 3 months of incubation on potato carrot agar slopes at room temperature were subcultured to potato carrot agar in plastic Petri plates and given 10 h ultraviolet radiation per day (di Menna, Campbell & Mortimer, 1970) for at least two weeks before being discarded as sterile.
IdentiJication of Myrothecium isolates. Myrothecium isolates from collections (I) and (2) were identified to species together with those isolates used in earlier work on the toxicity of Myrothecium . Descriptions of these species are given in the monograph on Myrothecium by Tulloch (1972) .
Toxin assay. All Myrot hecium isolates recovered were screened for cytotoxicity to HEp2 cells in monolayer tissue culture. Isolates were grown in the broth of Boehner et al. (1965) (glucose, 20 g; Difco yeast extract, 2 g ; Oxoid peptone, 2 g; maltose, 2 g; NH4N03, 2 g; NaNO,, 2 g; MgS04. 7H20, 2 g; KH2P04, 2 g; distilled water, I 1; p H adjusted to 6.5 to 7.0; Myrothecium in N.Z. pastures 83 
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sterilized by autoclaving for 15 min at 120 "C in shallow layers (15 ml inoculated broth per g cm Petri plate for 14 days at 20 "C). Sterile filtrates of these cultures were assayed as previously described (Mortimer & Collins, 1968; . Isolates which did not produce cytotoxic effects at dilutions of I O -~ or greater were not regarded as toxic. This threshold of toxicity was chosen because it would be difficult to produce symptoms in sheep by oral dosing with cultures with lower B-type cytotoxicities ).
RESULTS

Incidence of Myrothecium.
A total of 265 Myrothecium isolates were recovered from collections (I), (2), (3) and (9, the majority during the months February-May inclusive (Table I) . No Myrothecium isolates were recovered from collection (4) from Invermay.
Numbers of Myrothecialg of leaf, wet weight, in collection (2) are given in Table 2 . There were more Myrothecia/g of leaf on irrigated pasture than on unirrigated pasture sampled at the same time and more on ryegrass leaves than on clover. There was a regular seasonal distribution of Myrothecium numbers, the peak being reached in February and March and numbers dropping in April.
Incidence of toxic isolates. B-type cytotoxicity at dilutions of I o -~ or greater, indicative of mammalian toxicity, was demonstrated in cultures of 33 of the 265 isolates recovered. Of the toxic isolates, 31 were recovered from samples of irrigated pasture, ten from ryegrass samples, 20 from clover, and one from a mixed pasture sample. Only one toxic isolate was recovered from a sample from unirrigated pasture and one from a toxic kikuyu grass sample. Five isolates were cytotoxic at a dilution of I O -~, 24 at I O -~, three at I O -~ and one at greater dilution than this.
Cultures of 25 isolates, all from collection (2), had A-type cytotoxicity at dilutions of I O -~ or greater. Twenty-one were from irrigated pasture, ten from ryegrass samples and eleven from clover, and four from unirrigated pasture, two from ryegrass and two from clover. Seventeen of these isolates were cytotoxic at a dilution of I O -~, seven at I O -~ and one at IO-~.
Myrothecium species recovered. Of the I 3 Myrothecium species described by Tulloch (1972) only four were recovered in the present study, but they included the three which are known to produce mammalian toxins. Of the 222 isolates from collections (I) and (2), 87 were of Myrothecium leucotrichurn, 37 of M. verrucaria, five of M. roridum and seven of M. cinctum (Corda) Sacc. Eighty-six had ceased to spore and could not be assigned to species. Myro thecium leucotrichurn, M. verrucaria and M. roridum were recovered from both ryegrass and clover, but M. cinctum only from ryegrass and mixed pasture. Isolates of M . cinctum were too few to suggest that this species does not occur on clover, but it appeared to be particularly common on kikuyu grass. Non-toxic isolates from kikuyu grass were not identified to species, but 16 of the 23 Myrothecium isolates from this collection had the striate spores which are characteristic of M. cinctum (Tulloch, 1972) . The single isolate from kikuyu grass with high B-type cytotoxicity was of M . verrucaria.
The distribution of different species did not appear to be affected by season; two or three species were frequently recovered from the same sample.
Relationship of species to cytotoxicity.Of the 33 isolates withB-type cytotoxicity at a dilution of I O -~ or greater, 30 were of Myrothecium verrucaria, one of M . roridum, one of M. Zeucotrichum and one had ceased to spore by the time identifications were made. Of the 25 isolates with A-type cytotoxicity at a dilution of I O -~ or greater, 12 were of M. leucotrichurn, three of M. verrucaria, two of iM. roridum and eight had ceased to spore.
It was possible to predict which of the Myrothecium verrucaria isolates were likely to have
Myrotheciun-2 ill N.Z. pastures 85 high B-type cytotoxicity by the time within which they spored. Twenty-five such isolates spored within a week of subculture from the isolation plates, four within two weeks and one within three. Of the eight M . verrucaria isolates lacking high B-type cytotoxicity, one spored in three weeks, one in four, and six spored only after U.V. irradiation. High A-type cytotoxicity was not associated with rapid sporulation; two of these isolates spored in three weeks, two in five, and 21 spored only with U.V. irradiation.
D I S C U S S I O N
Incidence of Myrothecium. Almost all Myrothecium isolates were recovered in summer and autumn although, with the screening method used, it was possible in winter and spring to detect taxa occurring at much lower levels than in the warmer months. In summer, when there were 106 to 10' moulds/g of leaf, only those colonies on the eight isolation plates inoculated from the I O -~ dilution of leaf washings could be identified, and only those taxa occurring at levels of more than 250000/g were likely to be detected. In winter, when counts were of 104 to 105/g, taxa at levels as low as 2500/g were detectable. The seasonal incidence of Myrothecium found here confirms that reported earlier (di Menna & Parle, 1970; di Menna, 1971) .
Myrothecium levels, expressed as numbers of isolates/g of leaf, were almost invariably higher on ryegrass than on clover sampled at the same time, but expressed as a percentage of total moulds isolated were similar (Table I) . Although kikuyu poisoning of cattle occurs in warm humid weather in summer and autumn (Smith & Martinovich, I973) , Myrothecium levels in samples of toxic kikuyu grass were not high, either as numbers per g of leaf, as a percentage of the total moulds isolated, or in comparison with levels on non-toxic kikuyu grass or on ryegrass.
Relationship of Myrothecium to animal disease. From experimental evidence di Menna & thought that myrotheciotoxicosis in the field could manifest itself as an acute form with a high mortality rate within 48 h, as a subacute form with recovery or deaths within ten days, or as a subclinical form characterized by weight loss and 'indistinguishable from that part of the ill-thrift syndrome remaining when causes such as parasitism and trace element deficiencies have been eliminated'. The evidence given in this study does not support the hypothesis that kikuyu poisoning of cattle is the acute or subacute form of myrotheciotoxicosis. The symptoms of experimental subacute myrotheciotoxicosis appear within I to 2 days of ingestion of the toxin . Toxic kikuyu grass samples were of necessity taken after symptoms had appeared in grazing cattle, and it is possible that by the time of sampling the originally high Myrothecium populations had dropped. Even so, it is unlikely that the causative organism would have disappeared so quickly from all the samples.
The subclinical form of myrotheciotoxicosis would be detectable only by retarded weight gains or by actual weight loss. A check in growth rate of both sheep and cattle occurs frequently in many parts of New Zealand in late summer and autumn, although there may be no shortage of available pasture. Such checks were demonstrated in cattle grazing the irrigated pasture sampled in (I) and (2) and the unirrigated pasture sampled in (3). If the checks were caused by subclinical myrotheciotoxicosis, it would be expected that they would be greatest in the animals grazing the irrigated pasture sampled in (2), where Myrothecium levels were highest and from which the greatest proportion of toxic isolates was recovered. This was not so, and any part which Myrothecium plays in the ill-thrift syndrome in New Zealand remains unproven.
It is possible that the screening method used was inadequate to demonstrate differences
in sizes of Myrothecium populations, but the determination of numbers of a mould with spores not of diagnostic shape or size is laborious. Direct examination of pasture leaves for the sporodochia of Myrothecium is difficult to do in a quantitative manner. Although it might be possible to detect toxins in leaf extracts by their effect on tissue-culture cells, the nature of the toxins would remain speculative. There are considerable technical difficulties in the extraction from leaves and the chemical characterization of the numerous mammalian poisons produced by Myrothecium spp., particularly when they are present in very small amounts. Production of ;a sufficiently specific fluorescent antibody to allow direct counting of Myrothecium spores in leaf washings may be a solution to the problem of screening enough material to give reliable figures, although culture of samples in which spores were common would still be necessary to determine the proportion of toxic isolates. The reliability of the culture of leaf washings to detect toxic moulds causing animal disease was discussed by di Menna & Parle (1970) . In a study similar to the present one they found that in a year in which facial eczema was rare they recovered only one isolate of the causative mould, Pithomyces chartarum (Berk. & Curt.) M. B. Ellis, but that in a period in which there was a severe outbreak P. chartarum isolates made up about I % of the moulds recovered.
Myrothecium verrucaricz poisoning of sheep eating rye stubble has been reported from the Soviet Union (Vertinskii, Dzhilavyan & Koroleva, 1967) . It is also possible that the greenspored Dendrodochium toxicum Pidopl. & Bil., a saprophyte of straw which causes a serious mycotoxicosis of horses and pigs in the Soviet Union (Sarkisov, I954) , may be a toxin producing Myrothecium sp. (Tulloch, 1972) . Weight is given to this supposition by the report of the isolation of the toxin verrucarin A from D. toxicum (Panozishvili, Zol'nikova & Borovkov, I 972) .
Relationship of species to toxin production. Brian et al. (1948) found that all three of the Myrothecium verrucaria and three of the four M . roridum isolates which they examined produced toxic dermatitic material. Of the New Zealand isolates previously shown to have mammalian toxicity , three (~2 2 , ~Y I and ~K G )
were M. verructzria, two (CI I and cc66) were M. roridum, and one (oc4) was M. leucotrichurn. The present study has shown that there was not an invariable relationship between species and high B-type cytotoxicity, but that most isolates of M. verrucaria some of M . roridum, and very few of M . leucotrichurn will be toxic to mammals. None of the 23 M . cinctum isolates examined in this work had cytotoxicity of either A-or B-type at dilutions of greater than I O -~. Because the five BRS isolates shown by Mortimer et al. (1971) to lack both cytotoxicity and mammalian toxicity were also of M. cinctum, it seems that, at least under the cultural conditions used, this species has a very low toxic potential.
Cultures of isolates of Myrothecium verrucaria ~Y I and 5KG (IMI numbers 157281 and 172591), of M. roridum C I I and cc66 (JMI numbers 172593 and 172592), and of M . Zeucotrichunz oc4 and IRI 1 2 7 1~ (]MI numbers 157857 and 172594), all of which had high B-type cytotoxicities, and of M. cinctum BRS3 and CR24670A (IMI numbers 152592 and 172595) have been deposited at the Commonwealth Mycological Institute, Kew, Surrey.
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